INTRODUCTION
The standard Lorentz transformation properties of the Maxwell field derive from more than simply covariance of Maxwell's equations. The usual vector or tensor properties of the field include an additional requirement, generally fixing the transformation rule of the source terms.
(1, 2) Traditionally, this requirement is filled by imposing invariance on electric charge.
(2, 3) Charge invariance forces the charge density to transform as the top component of a four-vector, leading to the usual transformation properties for the remaining field and source terms.
(2) But the additional constraint may take other forms. Among these are explicit covariance of the source-free Maxwell equations (required by Einstein
), imposing an invariant gauge-fixing condition C=" 0 F+N · A, (5) equating the chargedensity current with the Dirac probability-density current, (6) and simultaneous charge invariance and covariance of the Lorentz four-force.
(3) Each of these requirements in conjunction with Maxwell equation covariance leads to the expected transformation properties of the Maxwell field. However, a priori imposing such constraints on Lorentz transformations of Maxwell's equations is a restricted case of the more general requirement of their covariance. In the general case, we may allow the Maxwell variables to transform in any manner leaving the equations as a whole covariant, and then determine the specific transformation properties of the various field and source terms. Our interest here is in the possibility that the general case may allow alternate transform rules for the Maxwell variables.
Indeed, there is some evidence in the literature to support this interest. Previous authors have found that specialized or restricted forms of Maxwell's equations describe spin-1/2 fields, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) and in one instance a four-vector combined electric and magnetic field.
(16) Both observations are a result of efforts to describe the Dirac field in electromagnetic (EM) terms.
(7-26) Darwin (7) alluded to the first possibility in 1928, not long after the Dirac equation debuted, noting that it was equivalent to a massive form of Maxwell's equations with gradient-constrained electric and magnetic currents j
A series of authors have since rediscovered similar Maxwell-Dirac equation correlations, (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) primarily illustrating spin-1/2 Maxwell-like fields, but among these are Darwinconstrained Maxwell equations with multiple transformation properties.
In one such approach, Sallhofer (10-13) describes a direct correspondence between the Dirac equation and the source-free Maxwell equations in a medium of potential-and mass-dependent electromagnetic permittivity and permeability (a la Madelung (8) ). The correspondence gives 1/2-angle factors to solutions of the source-free Maxwell equations allowing for an electromagnetic-like description of a spin-1/2 matter wave. ''Electrodynamic particle fields with half-integer spin are represented ... as a standing [EM] wave with a cancelling counter-wave,'' (11) rather like a dipole, and thus do not appear electromagnetic from the outside.
(12) But the associated Maxwell-Dirac relationship is not Lorentz covariant, leaving unaddressed the question of spin-1/2 transformation properties of the Maxwell field itself.
However, in a Lagrangian study of the Darwin-Maxwell equations, potentials and magnetic current included, Ljolje (9, 22) 
